Abstract. In their book, Granular Computing: An Introduction, Bargiela and Pedrycz present a view that granular computing is an emerging conceptual and computing paradigm of information processing. A central notion is an information-processing pyramid with multiple levels. Different levels involve different types of processing. The lowest level concerns numeric processing, the intermediate level concerns larger information granules, and the highest level concerns symbol-based processing. This chapter examines the notion of integrative levels of granularity as a basis of granular computing. The notion of levels had been studied extensively in different branches of sciences and different fields of computer sciences. By extracting a set of common features and principles of integrative levels of granularity, the triarchic theory of granular computing is developed.
Introduction
Granular computing is a multi-disciplinary and cross-disciplinary study (see, for examle, Bargiela and Pedrycz [3, 5] , Inuiguchi et al. [20] , Keet [21, 22] , Nguyen et al. [34] , Lin et al. [27] , Pawlak [38] , Pedrycz et al. [39] , Yao, JT [53] , Yao [54] , Zadeh [63] , Zhang and Zhang [64] ), concerning problem solving and information processing with multiple levels of granularity [55] [56] [57] [58] [59] . Granular computing may be viewed as humaninspired paradigms of computing and information processing, as well as their applications in the design and implementation of intelligent information systems [5, 61] .
In their book, Granular Computing: An Introduction, Bargiela and Pedrycz [3] promote granular computing as an emerging conceptual and computing paradigm of information processing. The working principles of granular computing are explained based on an information-processing pyramid with multiple levels. Different levels involve different types of processing. The lowest level concerns numeric processing, the intermediate level concerns larger information granules, and the highest level concerns symbol-based processing. From this conceptual framework, we can identify two important notions, namely, granules and granular structures. Granules are elements and units that build up levels and granular structures are levels partially ordered based on their granularity. The formal representation of a granular structure as a multilevel hierarchical structure is based on further results from systems science, artificial intelligence and computer programming [57] [58] [59] .
Y. Yao
This chapter covers two aspects of granular computing. In Sections 2 to 4, we show that the notion of levels plays a fundamental role in many branches of sciences. A survey on many different interpretations and uses suggests that the concept of integrative levels of granularity may serve as a basis of granular computing. In Section 5, we briefly discuss the triarchic theory of granular computing that is centered around granular structures.
Integrative Levels
In this section, we argue that levels and associated multilevel hierarchical structures are common words of languages used in a wide spectrum of disciplines. A few important features of levels are examined.
Universality of Levels
The notions of levels and associated multilevel hierarchical structures are perhaps some of the most fundamental concepts and tools that we use to describe, represent, analyze and understand ourselves, reality and our relations to reality [1, 8, 11, 35, 41, 46, 57, 62] . As pointed out by Conger [8] , the interpretations of differences of level range from the literal meanings to the various metaphorical meanings. The term "levels" seems to be a universal concept that has been widely used in philosophy and virtually all branches of natural and social sciences.
A (metaphysical) level, as defined by Conger [8] , is "a class of structures or processes which are distinguishable from others as being either higher or lower." The terms "higher" and "lower" may denote various spatial, valuational, logical and developmental differences. Independent of any particular interpretation, such a higherlower relation enables us to order levels, and hence to produce a multilevel hierarchical structure called a hierarchy.
In June 2008, we performed Google searches using a dozen phrases involving "levels." Table 1 summarizes the results about the number of hits of different phrases. Several observations can be made from a closer examination of various usages of levels and hierarchical structures.
Firstly, the notion of "levels" seems to be universally applicable to many different disciplines. The numbers of hits of various phrases containing "levels" range from several thousands to a few millions. Levels and hierarchical structures are used in virtually every branch of science and our daily life. Secondly, there seems to be a common understanding of levels, although slightly different interpretations exist in different fields. Levels may have either an objective or a subjective interpretation. The former reflects the intrinsic nature of reality; the latter reflects our cognitive understanding of reality. Levels are used to describe, organize and interpret things for the purposes of simplicity and clarity. Levels are sometimes used to denote a particular position on a scale, as reflected by levels of skill and levels of intelligence. Thirdly, levels are associated with the dual properties of separation and integration, and hence the term "integrative levels" and "integrated levels" are widely used. Levels generally imply a separation of things, with each level focusing on a particular aspect. Levels can be ordered partially to form a hierarchical or nested structure. That is,
